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TITLE OF THE INVENTION 

Displacement Pickup 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a displacement pickup which picks up a 
displacement of a scale through the use of an optical interference. 

This application claims the priority of the Japanese Patent Application No. 
2002-308931 filed on October 23, 2002, the entirety of which is incorporated by 
reference herein. 

2. Description of the Related Art 

Conventionally, a grating interferometer is used to pick up a displacement of 
gratings recorded on a moving scale through the use of an optical interference. A 
conventional displacement pickup will be described below with reference to FIG. 1. 
The displacement pickup is generally indicated with a reference number 4. It should 
be noted that the displacement pickup 4 in FIG. 1 uses a transmission grating. 

As shown in FIG. 1, the displacement pickup 4 includes a coherent light source 
90, first lens 91, first polarization beam splitter (PBS) 92, first quarter-wavelength 
plate 93, reflection prism 94, second quarter-wavelength plate 95, second lens 96, 
beam splitter (BS) 97, second PBS 98, first photoelectric transducer 99, second 
photoelectric transducer 100, third quarter-wavelength plate 101, third PBS 102, third 
photoelectric transducer 103, fourth photoelectric transducer 104, first differential 
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amplifier 105, second differential amplifier 106 and an incremental signal generator 
107. The displacement pickup 4 constructed as above reads transmission gratings 
recorded on a scale 108. 

The coherent light source 90 emits a beam of light to the first lens 91. The first 
lens 91 converges the incident light beam into an appropriate light beam and lets the 
light beam travel to the first PBS 92. The first PBS 92 splits the incident light beam 
into two light components: an S-polarized light component and a P-polarized light 
component. It should be noted that the first PBS 92 reflects the light beam containing 
the P-polarized light component and allows the light beam containing the S-polarized 
light component to pass through. Also note that if the beam of light emitted from the 
coherent light source 90 is a plane -polarized light, it has the polarized direction thereof 
turned 45 deg. for incidence upon the first PBS 92. Thus, it is possible to equalize the 
intensity of the light beam containing the S-polarized light component with that of the 
light beam containing the P-polarized light component. 

The light beam containing the S-polarized light component is incident upon a 
P point on the gratings recorded on the scale 108, while the light beam containing the 
P-polarized light component is incident upon a Q point on the gratings. They are 
diffracted in directions, respectively, given by the following formula: 

sin Q { + sin 0 2 = ni/A 
where 0 X indicates an angle of incidence upon the scale 108, 0 2 indicates an angle of 
diffraction from the scale 108, A indicates a pitch (width) of the gratings, X indicates 



the wavelength of the light beam, andn indicates a diffraction order. 

In the displacement pickup 4, such an adjustment is made that on the 
assumption that the angle of incidence upon the P point is 0 lp , the angle of diffraction 
from the P point is 0 2p , angle of incidence upon the Q point is 0 lq and angle of 
diffraction from the Q point is 0 2t| , 0 lp = 0 2p = 0 lq and 0 2l| . Also, the diffraction order 
is the same at the P and Q points. 

The light beam diffracted at the P point passes through the first quarter- 
wavelength plate 93, is reflected vertically by the reflection prism 94 back to the P 
point, and is diffracted by the grating. At this time, the light beam having returned to 
the P point is a P-polarized light component since the optical axis of the first quarter- 
wavelength plate 93 is inclined 45 deg. in relation to the polarized direction of the 
incident light beam. 

Similarly, the light beam diffracted at the Q point passes through the second 
quarter-wavelength plate 95, is reflected vertically by the reflection prism 94 back to 
the Q point, and is diffracted by the grating. At this time, the light beam having 
returned to the Q point is an S-polarized light component since the optical axis of the 
second quarter-wavelength plate 95 is inclined 45 deg. in relation to the polarized 
direction of the incident light beam. 

The light beams having been diffracted again at of the P and Q points return to 
the first PBS 92. Since the light beam having returned from the P point contains the 
P-polarized light component, it is allowed by the first PBS 92 to pass through, while 
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the light beam having returned from the Q point contains the S-polarized light 
component, it is reflected by the first PBS 92. Therefore, the light beams having 
returned from the P and Q points are superposed on each other in the first PBS 92 and 
incident upon the second lens 96. The superposed light beams are converged by the 
second lens 96 into an appropriate light beam and incident upon the BS 97. The BS 
97 splits the incident light beam into two light components, of which one is incident 
upon the second PBS 98 and the other is incident upon the third quarter-wavelength 
plate 101. It should be noted that the second PBS 98 and third quarter-wavelength 
plate 101 are inclined 45 deg. in relation to the polarized direction of the incident light 
beam. 

The second PBS 98 splits the incident light beam into two light beams: one 
containing S-polarized light component and the other containing P-polarized light 
component, and allows the light beam containing the S-polarized light component to 
pass through for incidence upon the first photoelectric transducer 99 while allowing 
the light beam containing the P-polarized light component to pass through for 
incidence upon the second photoelectric transducer 100. The first and second 
photoelectric transducers 99 and 100 produce interference signals of Acos (4Kx + 6) 
where K indicates 2n/A , x indicates a displacement, and 6 indicates an initial phase. 
The first photoelectric transducer 99 produces an interference signal whose phase is 
shifted 180 deg. from that of an interference signal the second photoelectric transducer 
100 produces. 



Also, the third quarter-wavelength plate 101 produces, from the incident light 
beam, a circularly polarized light beam in which light beams containing P- and S- 
polarized light components, respectively, rotate in opposite directions and are 
superposed on each other to provide a plane-polarized light beam. This plane- 
polarized light beam is incident upon the third PBS 102. The third PBS 102 splits the 
incident plane-polarized light beam into a light beam containing S-polarized light 
component for incidence upon the third photoelectric transducer 103 and a light beam 
containing P-polarized light component for incidence upon the fourth photoelectric 
transducer 104. It should be noted that the polarized direction of the plane-polarized 
light beam incident upon the third PBS 102 rotates one turn when the diffraction 
gratings move A/2 in the direction of arrow x. Therefore, the third and fourth 
photoelectric transducers 103 and 104 can produce interference signals of Acos (4Kx 
+ 8') similarly to the first and second photoelectric transducers 99 and 100. 

The third photoelectric transducer 103 produces a signal whose phase is 180 
deg. different from that of a signal produced by the fourth photoelectric transducer 
104. It should be noted that the third PBS 102 is disposed at an angle of 45 deg. with 
respect to the second PBS 98 and therefore the signals produced by the third and 
fourth photoelectric transducers 103 and 104 are 90 deg. different in phase from 
signals produced by the first and second photoelectric transducers 99 and 100. 

The first differential amplifier 105 makes a differential amplification of the 
electric signals supplied from the first and second photoelectric transducers 99 and 100 
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to produce a signal in which a DC (direct current) component of the interference signal 
has been canceled, and supplies it to the incremental signal generator 107. Also, the 
second differential amplifier 106 makes a similar differential amplification of the 
electric signals supplied from the third and fourth photoelectric transducers 103 and 
104 to provide a signal of which a DC component of the interference signal has been 
canceled, and supplies it to the incremental signal generator 107. 

The displacement pickup 4 constructed as above is featured in that even a Y- 
directional move of the diffraction gratings will not cause any error of the position 
measurement because its optical systems are formed symmetrical with respect to a 
perpendicular line A in FIG. 1. Also, it is featured in that with equalization of the 
optical path for incidence upon the P point in length with that for incidence upon the 
Q point, it is hardly influenced by the wavelength of the light source. 
Reference Cited Herein: 

1. Japanese Published Examined Patent No. 35248 of 1990 
The aforementioned displacement pickup 4 is used in an X-ray lithography or 
precision machining for production of an integrated circuit. For accurate measurement 
of a position or distance, a reference point or origin has to be set in addition to an 
incremental signal. The displacement pickup 4 includes the scale 108 to detect an 
incremental signal and the scale 108 to detect an origin signal. The scales 108 are 
provided in separate tracks, respectively, and a reading mechanism is provided for 
each of the scales 108. On this account, the measurement is affected by an Abbe error 



and an error caused by a temperature drift and thus the displacement pickup 4 cannot 
detect an origin with a high precision. Particularly, the conventional displacement 
pickup 4 cannot repeatedly measure any origin with a stable accuracy which is on the 
order of nanometers (nm). 

OBJECT AND SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to overcome the above- 
mentioned drawbacks of the related art by providing a displacement pickup capable 
of producing an incremental signal, and an origin signal whose accuracy is stable on 
the order of nanometers (nm). 

The above object can be attained by providing a displacement pickup including: 

a first reading means for emitting a beam of light to diffraction gratings and 
reading a return component of light from the diffraction gratings; 

a first phase detecting means for detecting a first phase on the basis of the 
return component of light detected by the first reading means; 

a second reading means for emitting a beam of light to diffraction gratings and 
reading a return component of light from the diffraction gratings; 

a second phase detecting means for detecting a second phase on the basis of the 
return component of light detected by the second reading means; 

a phase comparing means for making a comparison between the first and second 
phases; 

an origin signal generating means for producing an origin signal on the basis of 
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the result of comparison from the phase comparing means; and 

a scale having defined thereon a first area in which diffraction gratings are 
recorded with a predetermined pitch and from which the return component of light 
from the diffraction gratings is read by the first reading means, and a second area in 
which diffraction gratings are recorded with a predetermined pitch different from the 
diffraction grating pitch in the first area and from which the return component of light 
from the diffraction gratings is read by the second reading means, the scale being 
displaceable in a direction in which the return component of light from the diffraction 
gratings is read by the first and second reading means, 

the first and second areas being defined on the scale to be displaceable an equal 
distance in the same measuring direction; and 

a position for reading, by the first reading means, the positional information 
recorded in the first area and a position for reading, by the second reading means, the 
positional information recorded in the second area being in line with the measuring 
direction. 

These objects and other objects, features and advantages of the present 
invention will become more apparent from the following detailed description of the 
preferred embodiments of the present invention when taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of the conventional displacement pickup; 
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FIG. 2 is a block diagram of a first embodiment of the displacement pickup 
according to the present invention; 

FIG. 3 shows the angle of a Lissajous signal produced by the displacement 
pickup in FIG. 2; 

FIG. 4 is a block diagram of a second embodiment of the displacement pickup 
according to the present invention; and 

FIG. 5 is also a block diagram of a third embodiment of the displacement pickup 
according to the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The embodiments of the displacement pickup according to the present invention 
will be described in detail below with reference to the accompanying drawings: 

The present invention is applied to the displacement pickup, generally indicated 
with a reference number 1, as shown in FIG. 2 for example. As shown, the 
displacement pickup 1 includes a scale 12 having defined thereon a first area 12a in 
which diffraction gratings are recorded with a predetermined pitch and a second area 
12b in which diffraction gratings are recorded with a predetermined pitch different 
from that in the first area, a first optical system 10 for reading a return component of 
a light beam incident upon the scale 12, a second optical system 11 for reading the 
return component of the light beam incident upon the scale 12, an incremental signal 
generator 13 to produce an incremental signal, a first phase detector 14 to detect a 
phase on the basis of the signal read from the first optical system 10, a second phase 
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detector 15 to detect a phase on the basis of the signal read from the second optical 
system 11, a phase comparator 16 to make a comparison between the phase detected 
by the first phase detector 14 and that detected by the second phase detector 15, and 
a pulse signal generator 17 to produce a pulse signal on the basis of a signal output 
from the phase comparator 16. 

As shown in FIG. 2, the first optical system 10 includes a coherent light source 
20 to emit a beam of light, a first lens 21 to converge a beam of light emitted from the 
coherent light source 10, a first polarization beam splitter (PBS) 22 to split the light 
beam converged by the first lens into an S-polarized light component and a P-polarized 
light component, a first quarter-wavelength plate 23 to change the optical axis of the 
incident light beam, a reflection prism 24 to reflect an incident light beam, a second 
quarter-wavelength plate 25 to change the optical axis of an incident light beam, a 
second lens 26 to converge an incident light beam, a beam splitter (BS) 27 to divide 
an incident light beam in half, a second PBS 28 to split an incident light beam into an 
S-polarized light component and a P-polarized light component, a first photoelectric 
transducer 29 to convert an incident light beam into an electric signal, a second 
photoelectric transducer 30 to convert an incident light beam into an electric signal, 
a third quarter-wavelength plate 31 to change the optical axis of an incident light 
beam, a third PBS 32 to split an incident beam into an S-polarized light component and 
a P-polarized light component, a third photoelectric transducer 33 to convert an 
incident light beam into an electric signal, a fourth photoelectric transducer 34 to 
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convert an incident light beam into an electric signal, a first differential amplifier 35 
to make a differential amplification of the electric signals supplied from the first and 
second photoelectric transducers 29 and 30, and a second differential amplifier 36 to 
make a differential amplification of the electric signals supplied from the third and 
fourth photoelectric transducers 33 and 34. In this optical system 10, any one of the 
diffraction gratings recorded on the scale 12 is read, and the result of reading is 
supplied to the incremental signal generator 13 and first phase detector 14. 

The scale 12 will be explained here. The scale 12 has defined at one side 
thereof with respect to a measuring direction the first area 12a in which the diffraction 
gratings are recorded with a pitch A, and at the other side the second area 12b where 
the diffraction gratings are recorded with a pitch A + A/n (where n is an actual number 
other than zero). It should be noted that A is 0.55 pm for example. In the scale 12, 
points of incidence (P and Q) upon the first area 12a and those ® and S) upon the 
second area 12b are laid in line with the measuring direction. It should be noted that 
the first and second areas 12a and 12b may be defined on the same scale or on separate 
scales, respectively. In the latter case, the scales are fixed on the same pedestal to be 
equally displaceable in the same direction of displacement. 

The coherent light source 20 emits a beam of light to the first lens 21. The first 
lens 21 converges the incident light beam appropriately and directs it to the first PBS 
22. The first PBS 22 splits the incident light beam into two light components: an S- 
polarized one and P-polarized one. The first PBS 22 lets the light beam containing the 
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S-polarized light component be incident upon the P point and light beam containing 
the P-polarized light component be incident upon the Q point so that the optical path 
up to the P point in the first area 12a of the scale 12 is centrosymmetric with the 
optical path up to the Q point. It should be noted that when the light beam from the 
coherent light source 20 is a plane-polarized light beam, the direction of polarization 
is inclined 45 deg. for incidence of the light beam upon the first PBS 22. Thereby it 
is possible to equalize the intensity of the S-polarized light component with that of the 
P-polarized light component. 

Also, the light beams incident upon the P and Q points, respectively, are 
diffracted in directions, respectively, given by the following formula: 

sin 0, + sin 0 2 = n-A/A 
where 0, indicates an angle of incidence upon the scale 12, 0, indicates an angle of 
diffraction from the scale 12, A indicates a pitch (width) of the gratings, X indicates 
the wavelength of the light beam, and n indicates a diffraction order. 

In the displacement pickup 1, such an adjustment is made that on the 
assumption that the angle of incidence upon the P point is 0 lp , the angle of diffraction 
from the P point is 0 2p , angle of incidence upon the Q point is 0 lq and angle of 
diffraction from the Q point is 0 2q , 0 lp = 0 lq and 0 2p = 0 2q . Also, the diffraction order 
is the same at the P and Q points. 

The light beam diffracted at the P point passes through the first quarter- 
wavelength plate 23, is reflected vertically by the reflection prism 24 back to the P 
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point, and is diffracted by the diffraction grating. At this time, the light beam having 
returned to the P point is a P-polarized light component since the optical axis of the 
first quarter-wavelength plate 23 is inclined 45 deg. in relation to the polarized 
direction of the incident light beam. 

Similarly, the light beam diffracted at the Q point passes through the second 
quarter-wavelength plate 25, is reflected vertically by the reflection prism 24 back to 
the Q point, and is diffracted by the grating. At this time, the light beam having 
returned to the Q point is an S-polarized light component since the optical axis of the 
second quarter-wavelength plate 25 is inclined 45 deg. in relation to the polarized 
direction of the incident light beam. 

The light beams having been diffracted again at the P and Q points return to the 

first PBS 22. 

Since the light beam having returned from the P point contains the P-polarized 
light component, it is allowed by the first PBS 22 to pass through, while the light beam 
having returned from the Q point is reflected by the first PBS 22 because it contains 
the S-polarized light component. Therefore, the light beams having returned from the 
P and Q points are superposed on each other in the first PBS 22 and incident upon the 
second lens 26. 

The relation in length between an optical path up to the first quarter-wavelength 
plate 23 via the P point from the first PBS 22 and an optical path up to the second 
quarter-wavelength plate 25 via the Q point will be described here. It should be noted 
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that in the displacement pickup 1, the optical path up to the first quarter-wavelength 
plate 23 via the P point is centrosymmteric with that up to the second quarter- 
wavelength plate 25 via the Q point. 

For preventing any error caused by a variation in wavelength of the light source 
in this embodiment, the length of the optical path up to the first quarter-wavelength 
plate 23 via the P point, along which the light beam containing the S-polarized light 
component from the first PBS 22 travels, is adjusted to be equal to that of the optical 
path up to the second quarter-wavelength plate 25 via the Q point, along with the light 
beam containing the P-polarized light component from the first PBS 22. The accuracy 
of this adjustment depends on a necessary accuracy of length measurement and an 
ambient temperature at which the displacement pickup 1 is used. On the assumption 
that the necessary accuracy of length is AE, scale pitch is A, wavelength of the light 
source is X and variation in wavelength due to a temperature variation is A A., the 
difference AL in length between the above optical paths has to meet the following 
formula: 

AE > AAA 2 x 2 x AL x A/4 

On the assumption that the variation of the operating ambient temperature is 
10°C for example, the variation in wavelength of a generally used semiconductor laser 
of 780 nm in wavelength is about 3 nm. In this case, when the scale pitch A = 0.55 pm 
and the necessary accuracy of length measurement AE is 0.1 pm, the difference AL in 
length between the above optical paths has to be smaller than 74 pm. For adjustment 
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of the difference AL, a light source having an appropriate coherence length should be 
used. 

Generally, the visibility representing a degree of modulation of the interference 
fringe in an interferometer depends upon the coherence of the light source and 
difference in length between two optical paths along which two light beams interfering 
with each other travel, respectively. It is well known that a light source having a good 
coherence such as a laser or the like which oscillates in a single mode will not lose the 
visibility even if there is a large difference in length between the optical paths, while 
with a light source having no good coherence, the visibility of the interference fringe 
will vary depending upon a variation in the difference in length between two optical 
paths. 

Since with a light source having a good coherence as above, a difference in 
length between the two optical paths can be detected as a reduced degree of 
modulation (visibility) of an interference signal, so the optical paths can be made equal 
in length to each other through such an adjustment that the degree of modulation of 
the interference signal is maximum. For example, with a semiconductor laser of about 
200 [im in coherence length and which oscillates in multiple modes, the difference AL 
in length between the optical paths can easily be set smaller than 74 pm. 

Also, only for the above adjustment, the coherent light source 20 may be a light 
source whose coherence length is limited, and after the adjustment, it may be replaced 
with another inexpensive light source with a great coherence length (for example, a 
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typical semiconductor laser which oscillates in a single mode). 

The second lens 26 converges the incident beam of light for incidence upon the 
BS 27. The BS 27 divides the incident light beam in half, one of which is incident 
upon the second PBS 28 and the other is incident upon the third quarter-wavelength 
plate 31. It should be noted that the second PBS 28 and third quarter-wavelength plate 
31 are at an angle of 45 deg. with respect to the polarized direction of the incident light 
beam. 

The second PBS 28 splits the incident light beam into two light beams: one 
containing S-polarized light component and the other containing P-polarized light 
component, and allows the light beam containing the S-polarized light component to 
pass through for incidence upon the first photoelectric transducer 29 while allowing 
the light beam containing the P-polarized light component to pass through for 
incidence upon the second photoelectric transducer 30. The first and second 
photoelectric transducers 29 and 30 produce interference signals of Acos (4Kx + 6) 
where K indicates 2tt/A , x indicates a displacement, and 6 indicates an initial phase. 
The first photoelectric transducer 29 produces an interference signal whose phase is 
shifted 180 deg. from that of an interference signal the second photoelectric transducer 
30 produces. 

Also, the third quarter-wavelength plate 31 produces, from the incident light 
beam, a circularly polarized light beam in which light beams containing P- and S- 
polarized light components, respectively, rotate in opposite directions and are 
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superposed on each other to provide a plane-polarized light beam. This plane- 
polarized light beam is incident upon the third PBS 32. The third PBS 32 splits the 
incident plane-polarized light beam into a light beam containing S-polarized light 
component for incidence upon the third photoelectric transducer 33 and a light beam 
containing P-polarized light component for incidence upon the fourth photoelectric 
transducer 34. It should be noted that the polarized direction of the plane-polarized 
light beam incident upon the third PBS 32 rotates one turn when the diffraction 
gratings move A/2 in the direction of arrow x. Therefore, the third and fourth 
photoelectric transducers 33 and 34 can produce interference signals of Acos (4Kx + 
6*) similarly to the first and second photoelectric transducers 29 and 30. 

The third photoelectric transducer 33 produces a signal whose phase is 180 deg. 
different from that of a signal produced by the fourth photoelectric transducer 34. It 
should be noted that the third PBS 32 is disposed at an angle of 45 deg. with respect 
to the second PBS 28. Therefore, the signals produced by the third and fourth 
photoelectric transducers 33 and 34 are 90 deg. different in phase from signals 
produced by the first and second photoelectric transducers 29 and 30. 

The first differential amplifier 35 makes a differential amplification of the 
electric signals supplied from the first and second photoelectric transducers 29 and 30 
to produce a signal in which a DC (direct current) component of the interference signal 
has been canceled, and supplies it to the incremental signal generator 13 and first 
phase detector 14. Also, the second differential amplifier 36 makes a similar 
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differentia] amplification of the electric signals supplied from the third and fourth 
photoelectric transducers 33 and 34 to provide a signal of which a DC component of 
the interference signal has been canceled, and supplies it to the incremental signal 
generator 13 and first phase detector 14. 

The incremental signal generator 13 determines a displaced direction and extent 
of the scale on the basis of the signals supplied from the first and second differential 
amplifiers 35 and 36 to produce an incremental signal. The first phase detector 14 
determines an angle 0 a of a Lissajous signal as shown in FIG. 3, and supplies it to the 

phase comparator 16. 

As shown in FIG. 2, the second optical system 11 includes a coherent light 
source 40, first lens 41, first polarized beam splitter (PBS) 42, first quarter-wavelength 
plate 43, reflection prism 44, second quarter-wavelength plate 45, second lens 46, 
beam splitter (BS) 47, second PBS 48, first photoelectric transducer 49, second 
photoelectric transducer 50, third quarter-wavelength plate 51, third PBS 52, third 
photoelectric transducer 53, fourth photoelectric transducer 54, first differential 
amplifier 55 and a second differential amplifier 56. In this second optical system 11, 
any one of the diffraction gratings recorded on the scale 12 is read, and the result of 
reading is supplied to the second phase detector 15. It should be noted that since the 
second optical system 11 operates similarly to the aforementioned first optical system 
10, so the operation of each component will not be explained herein. 

Similarly to the first phase detector 14, the second phase detector 15 determines 
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an angle 0 b of a Lissajous signal on the basis of signals supplied from the first and 
second differential amplifiers 55 and 56, and supplies it to the phase comparator 16. 

The phase comparator 16 functions as will be described below. In the first 
phase detector 14, when the scale 12 displaces A/4 in a predetermined measuring 
direction, the angle 0 a of the Lissajous signal rotates one turn. In the second phase 
detector 15, when the scale 12 displaces (A + A/n)/4 in a predetermined measuring 
direction, the angle 0 b of the Lissajous signal rotates one turn. 

The phase comparator 16 determines a difference A0 (A0 = 0 a - 0 b ) between 
the angle 0 a of the Lissajous signal supplied from the first phase detector 14 and the 
angle 0 b of the Lissajous signal supplied from the second phase detector 15. The 
difference A0 varies as the scale 12 is displaced, and will assume the initial value again 
when the scale 12 is displaced A(l + n)/4 in a predetermined measuring direction. 

The phase comparator 16 supplies the difference A0 to the pulse signal 
generator 17. When the difference A0 has a predetermined value difference A0 C , the 
pulse signal generator 17 produces a pulse signal. For example, in case the difference 
A0 has the initial value each time the scale 12 is displaced A(l + n)/4 in the 
predetermined measuring direction, the pulse signal generator 17 will produce a pulse 
signal at every A(l + n)/4. 

Also, the pulse signal generator 17 can arbitrarily set the above value A0 C (will 
be referred to as "setting" hereinafter). Having made a setting of zero degree which 
can easily be detected, for example, the pulse signal generator 17 will generate a pulse 
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signal when the difference A0 supplied from the phase comparator 16 is zero degree. 

Further, since the pulse signal generator 17 generates a pulse signal at a 
predetermined interval unless the distance between the first and second optical systems 
10 and 11 and the distance between the first and second areas 12a and 12b on the scale 
12 vary, it will be able to use the pulse signal as an origin signal. Also, the interval at 
which the origin signal is produced can be set arbitrarily according to a difference A/n 
between a pitch of the diffraction gratings recording in the first area 12a and a pitch 
of the diffraction gratings recorded in the second area 12b. 

The resolution of the pulse signal produced by the pulse signal generator 17 will 
be discussed below. Since the period of the pulse signal should be longer for use of 
the pulse signal as an origin signal, the value n should be larger. 

However, since the phase difference is only A/4n at a point the Lissajous has 
made one round from a point where two phase differences coincide with each other, 
a detected position will be A/4 off the correct position if the coincidence cannot be 
detected with a better accuracy than A/4n. The resolution of detecting two phase 
differences depends upon an accuracy of reading the two phase differences and a 
signal-to-noise (S/N) ratio, which will result in a limitation of the magnitude of the 
value n. 

On the assumption that in the displacement pickup 1, the grating pitch is 0.55 
\im and n is 100, for example, the origin of repetition will appear about every 13.9 [im. 
At this time, when the resolution is A/4n, the value n has at least 200 to 400. Namely, 
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the resolution should be as high as possible. For example, when n = 100, the phase 
difference is only 2n/100 even with a displacement of A/4, and so the distance with 
which the phase difference is within the resolution margin will have a margin of A/4. 
To reduce this margin, the resolution has to be increased. In case n = 1000, the 
distance margin will be A/(4 x 10). 

However, the resolution cannot easily be increased because of the S/N ratio. 
On this account, it will be an effective measure to select, as a gate, one waveform 
(A/4) of a signal with which the coincidence between phase differences is detected, 
and produce an origin signal when the phase of one signal form which the margin of 
A/4 is determined is a predetermined one. Thereby, the origin accuracy and resolution 
can be increased up to a phase difference detecting resolution. It should be noted that 
in this embodiment, the origin accuracy can be increased up to 0.3 to 0.7 nm. 

Also, the pulse signal generator 17 may be designed so that the user can change 
the setting after the displacement pickup 1 is installed to an object apparatus. It should 
be noted that in this case, the setting may initially be an appropriate one and a program 
for changing the setting is distributed to the user upon inquiry from the user. 

Also, the pulse signal generator 17 may be designed to count times when the 
difference A6 supplied from the phase comparator 16 has arrived at the setting and 
produce a pulse signal when the count of times has taken a predetermined value. 

Further the pulse signal generator 17 may be adapted to produce an origin signal 
when the angle 6 a of a Lissajous signal produced by the first phase detector 14 (will 
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be referred to as "angle 0 a " hereinafter), or the angle 6 b of a Lissajous signal produced 
by the second phase detector 15 (will be referred to as "angle 0 b " hereinafter), arrives 
at. an arbitrary angle 0„ after the difference A0 has arrived at the setting. Also, the 
pulse signal generator 17 may be designed to produce an origin signal when the angle 
0 a or 0 b arrives at an arbitrary angle 0„ reappearing in a position a predetermined 
distance apart from a position where it has arrived at the arbitrary angle 0 n once after 
arrival of the difference A0 at the setting. It should be noted that the predetermined 
distance is (2n + l)A/2 where n is an integer larger than zero and A is a pitch with 
which the diffraction gratings are recorded in the first area 12a in case the pulse signal 
generator 17 is to use the first area 12a for production of an origin signal or a pitch 
with which the diffraction gratings are recorded in the second area 12b in case the 
pulse signal generator 17 is to use the second area 12b for production of an origin 
signal. 

Note that the pulse signal generator 17 may be designed so that the user can 
change the arbitrary angle 0 n after the displacement pickup 1 is installed to an object 
apparatus. In this case, the arbitrary angle 0 n may initially be an appropriate one and 
a program for changing the arbitrary angle 0„ is distributed to the user upon inquiry 
from the user. 

In displacement pickup 1 constructed as above, the scale 12 has formed on one 
side thereof with respect to a measuring direction the first area 12a where the 
diffraction gratings are recorded with the pitch A and on the other side the second area 
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12b where the diffraction gratings are recorded with the pitch A + A/n. The first and 
second optical systems 10 and 11 emits beams of light centrosymmetrically to the 
scale 12 so that the incident light beams are diffracted at points disposed in line with 
each other on the diffraction gratings. The light beams thus diffracted by the 
diffraction gratings interfere with each other. Each of the first and second phase 
detectors 14 and 15 detects a phase difference between the light beams interfering with 
each other, and the phase comparator 16 detects a difference between the phase 
differences, and the pulse signal generator 17 produces a pulse when the difference 
takes the predetermined value. Thus, upon detection of an incremental signal by the 
incremental signal generator 13, the pulse signal generator 17 can produce an accurate 
origin signal without being influenced by any Abbe error. 

Also, in the displacement pickup 1, the first and second optical systems 10 and 
11 have the optical paths thereof disposed centrosymmetrically, and the optical path 
differences equal to each other for the light beams interfering with each other. Thus, 
even with the scale 12 displaced in the Y direction and the wavelength of the light 
source being caused to vary by an external temperature, no travel error takes place. 
So, a stable origin signal can always be produced. 

Further, since the first and second optical systems 10 and 11 used in the 
displacement pickup 1 according to the present invention are of a grating 
interferometer type, so the diffraction gratings can be recorded with smaller pitches 
in the first and seconds areas 12a and 12b, respectively, defined on the scale 12. For 
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example, when the grating pitch is 0.55 pm, the signal for detection of a phase will 
have a period of 0.1379.... pm (about 138 nm). Thus, it is possible to detect a phase 
difference with a high accuracy which is on the order of nanometers, for example. 

Also, in the displacement pickup 1, the coherent light source 20 and first lens 
21 and the second lens 26 and BS 27 in the first optical system 10, and the coherent 
light source 40 and first lens 41 and the second lens 46 and BS 47 in the second optical 
system 11, may be connected to each other with optical fibers, respectively. 

Alternatively, instead of making a connection between the second lens 26 and 
BS 27 and between the second lens 46 and BS 47 with the optical fibers, respectively, 
the second PBS 28 and first photoelectric transducer 29, the second PBS 28 and 
second photoelectric transducer 30, the third PBS 32 and third photoelectric transducer 
33, the third PBS 32 and fourth photoelectric transducer 34, the second PBS 48 and 
first photoelectric transducer 49, the second PBS 48 and second photoelectric 
transducer 50, the third PBS 52 and third photoelectric transducer 53, and the third 
PBS 52 and fourth photoelectric transducer 54, may be connected to each other with 
optical fibers, respectively. 

Note that to condense the output light from the second PBS 28 for supply to the 
optical fiber, a condenser lens may be disposed between the second PBS 28 and first 
photoelectric transducer 29 and between the second PBS 28 and second photoelectric 
transducer 30, respectively; to condense the output light from the third PBS 32 for 
supply to the optical fiber, a condenser lens may be disposed between the third PBS 
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32 and third photoelectric transducer 33 and between the third PBS 32 and fourth 
photoelectric transducer 34, respectively; to condense the light output from the second 
PBS 48 for supply to the optical fiber, a condenser lens may be disposed between the 
second PBS 48 and first photoelectric transducer 49 and between the second PBS 48 
and second photoelectric transducer 50, respectively; and to condense the output light 
from the third PBS 52 for supply to the optical fiber, a condenser lens may be disposed 
between the third PBS 52 and third photoelectric transducer 53 and between the third 
PBS 52 and fourth photoelectric transducer 54, respectively. 

In the aforementioned construction of the displacement pickup 1, the scale 12 
can be disposed apart from any heat source, so that the phase detection can be done 
more stably. Also, the wavelength of beams of light emitted from the coherent light 
sources 20 and 40 can be fixed to a constant one through a temperature control. 
Further, with the coherent light sources 20 and 40 disposed outside the displacement 
pickup 1, they can readily be replaced when they get faulty. 

Note that in the displacement pickup 1, the difference in optical path length may 
be monitored on the basis of the result of detection of a degree of modulation 
when the interference lights are made to interfere with each other in the first and 
second optical systems 10 and 11. If the result of monitoring shows a difference in the 
optical path length, the optical paths are adjusted to have an equal. 

FIG. 4 shows the second embodiment of the displacement pickup according to 
the present invention. The displacement pickup is generally indicated with a reference 
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number 2. It should be noted that the same as or similar elements to those in the 
aforementioned displacement pickup 1 are indicated with the same as or similar 
reference numbers to those for the elements in the displacement pickup 1 and will not 
be described in detail. 

In the displacement pickup 2, a light source and light branching unit are used 
in common by detection optical systems. The displacement pickup 2 includes a light 
source 60 to emit a coherent beam of light, a lens 61 to converge the light beam 
emitted from the coherent light source 60, a beam splitter (BS) 62 to divide the 
incident light beam from the lens 61 in half, a first total reflection mirror 63 to reflect 
the incident light beam totally, a polarization beam splitter (PBS) 64 to split the 
incident light beam into a light beam containing an S-polarized component and a light 
beam containing a P-polarized component, a reflector 65 to reflect the incident light 
beam, a second total reflection mirror 66 to reflect the incident light beam totally, a 
third total reflection mirror 67 to reflect the incident light beam totally, a first optical 
system 68 to read a return component of the incident light beam upon a scale 70 
having defined thereon a first area 70a where diffraction gratings are recorded with a 
predetermined pitch and second areas 70b where diffraction gratings are recorded with 
a pitch different from that in the first area, a second optical system 69 to read a return 
component of the incident light beam upon the scale 70, an incremental signal 
generator 13 to produce an incremental signal on the basis of a signal supplied from 
the first optical system 68, a first phase detector 14 to detect a phase on the basis of 
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a signal read from the first optical system 68, a second phase detector 15 to detect a 
phase on the basis of a signal read from the second optical system 69, a phase 
comparator 16 to make a comparison between the phases detected by the first and 
second phase detectors 14 and 15, respectively, and a pulse signal generator 17 to 
produce a pulse signal on the basis of a signal output from the phase comparator 16. 
The reflector 65 includes a first quarter-wavelength plate 71 to change the optical axis 
of an incident light beam, a second quarter-wavelength plate 72 to change the optical 
axis of an incident light beam, a first reflection prism 73 to reflect an incident light 
beam, a third quarter-wavelength plate 74 to change the optical axis of an incident 
light beam, a fourth quarter-wavelength plate 75 to change the optical axis of an 
incident light beam, and a second reflection prism 76 to reflect an incident light beam. 

The scale 70 has defined thereon the first area 70a where diffraction gratings 
are recorded with a pitch A and the second area 70b where diffraction gratings 
recorded thereon with a pitch A + A/n (where n is an actual number other than zero). 
The second areas 70b are defined on either side of the first area 70a. The pitch A is 
0.55 pm, for example. In the scale 70, points of incidence (P and Q) upon the first 
area 70a and those ® and S) upon the second area 70b are laid in line with the 
measuring direction. It should be noted that the first and second areas 70a and 70b 
may be defined on the same scale or on separate scales, respectively. In the latter 
case, the scales are fixed on the same pedestal to be equally displaceable in the same 
direction of displacement. 
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Also, in the displacement pickup 2, such an adjustment is made that on the 
assumption that the angle of incidence upon the P point is 0 lp , the angle of diffraction 
from the P point is 0 2p , angle of incidence upon the Q point is 0 lq and angle of 
diffraction from the Q point is 6 2q , 0 lp = 0 lq and 0 2p = 0 2q . Further, on the assumption 
that the angle of incidence upon the R point is 0 lr , the angle of diffraction from the P 
point is 0, r , angle of incidence upon the Q point is 0 ls and angle of diffraction from the 
Q point is 0 2s , 0 lr = 0 is and 0 2r = 0 2s . Also, the diffraction order is the same at the P, 
Q, R and S points and the diffraction order used in the displacement pickup 2 is the 
first order. 

The coherent light source 60 emits a beam of light to the lens 61. The lens 61 
converges the incident light beam to an appropriate extent, and lets it be incident upon 
the BS 62. The BS 62 splits the incident light beam into two beams of light, of which 
the one is incident upon the first total reflection mirror 63 while the other is incident 
upon the PBS 64. 

The PBS 64 splits the incident light beam into a light beam containing an S- 
polarized component and a P-polarized component. The PBS 64 allows the light beam 
containing the S-polarized component to be incident upon the P point and the light 
beam containing the P-polarized component to be incident upon the Q point so that the 
optical path up to the P point in the first area 70a on the scale 70 and that up to the Q 
point in the second area 70b are centrosymmetric with each other. It should be noted 
that when the light from the coherent light source 60 is a plane-polarized one, the 
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polarized direction is inclined 45 deg. for incidence upon the PBS 64. Thus, the light 
beam containing the S-polarized component and that containing the P-polarized 
component can be made equal in intensity to each other. 

Also, the light beams incident upon the P and Q points are diffracted in 
directions, respectively, given by the following formula: 

sin 0, + sin 6 2 = n-A/A 
where 0, indicates an angle of incidence upon the scale 70, 0 2 indicates an angle of 
diffraction from the scale 70, A indicates a pitch (width) of the gratings, X indicates 
the wavelength of the light beam, and n indicates a diffraction order. 

The light beam diffracted at the P point passes through the first quarter- 
wavelength plate 71, is reflected vertically by the first reflection prism 73 back to the 
P point, and diffracted by the diffraction gratings. At this time, the light beam back 
to the P point is a light beam containing a P-polarized component because the optical 
axis of the first quarter-wavelength plate 71 is inclined 45 deg. in relation to the 
polarized direction of the incident light beam. 

Also, the light beam diffracted at the Q point passes through the second quarter- 
wavelength plate 72, is reflected vertically by the first reflection prism 73 back to the 
Q point, and diffracted by the diffraction gratings. At this time, the light beam back 
to the Q point is a light beam containing an S-polarized component because the optical 
axis of the second quarter-wavelength plate 72 is inclined 45 deg. in relation to the 
polarized direction of the incident light beam. 
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The light beams diffracted at the P and Q points come back to the PBS 64 as 
above. The PBS 64 allows the light beam from the P point to pass through since it 
contains the P-polarized component while reflecting the light from the Q point since 
it contains the S-polarized component. Therefore, the light beams coming back from 
the P and Q points are superposed on each other in the PBS 64 and incident upon the 
first optical system 68 via the second and third total reflection mirrors 66 and 67. 

The first optical system 68 is a version of the first optical system 10 included 
in the aforementioned displacement pickup 1 and in which the coherent light source 
20, first lens 21 and first PBS 22 are not included. The first optical system 68 is 
constructed and works similarly to the first optical system 10. 

On the other hand, the light beam having passed through the BS 62 is reflected 
by the first total reflection mirror 63 for incidence upon the PBS 64. 

The PBS 64 splits the incident light beam into a light beam containing an S- 
polarized component and a P-polarized component. The PBS 64 allows the light beam 
containing the S-polarized component to be incident upon the R point and the light 
beam containing the P-polarized component to be incident upon the S point so that the 
optical path up to the R point in the first area 70a on the scale 70 and that up to the S 
point in the second area 70b are centrosymmetric with each other. It should be noted 
that when the light from the coherent light source 60 is a plane-polarized one, the 
polarized direction is inclined 45 deg. for incidence upon the PBS 64. Thus, the light 
beam containing the S-polarized component and that containing the P-polarized 
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component can be made equal in intensity to each other. 

Also, the light beams incident upon the R and S points are diffracted in 
directions, respectively, given by the following formula: 

sin 0, + sin 0 2 = n A/A 
where 0, indicates an angle of incidence upon the scale 70, 0 2 indicates an angle of 
diffraction from the scale 70, A indicates a pitch (width) of the gratings, X indicates 
the wavelength of the light beam, and n indicates a diffraction order. 

The light beam diffracted at the R point passes through the third quarter- 
wavelength plate 74, is reflected vertically by the second reflection prism 76 back to 
the R point, and diffracted by the diffraction gratings. At this time, the light beam 
back to the R point is a light beam containing a P-polarized component because the 
optical axis of the third quarter-wavelength plate 74 is inclined 45 deg. in relation to 
the polarized direction of the incident light beam. 

Also, the light beam diffracted at the S point passes through the fourth quarter- 
wavelength plate 75, is reflected vertically by the second reflection prism 76 back to 
the S point, and diffracted by the diffraction gratings. At this time, the light beam back 
to the S point is a light beam containing an S-polarized component because the optical 
axis of the fourth quarter-wavelength plate 75 is inclined 45 deg. in relation to the 
polarized direction of the incident light beam. 

The light beams diffracted at the R and S points come back to the PBS 64 as 
above. The PBS 64 allows the light beam from the R point to pass through since it 
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contains the P-polarized component while reflecting the light from the S point since 
it contains the S-polarized component. Therefore, the light beams coming back from 
the R and S points are superposed on each other in the PBS 64 and incident upon the 
second optical system 69. 

The second optical system 69 is a version of the second optical system 11 
included in the aforementioned displacement pickup 1 and in which the coherent light 
source 40, first lens 41 and first PBS 42 are not included. The first optical system 68 
is constructed and works similarly to the second optical system 11. 

Also, since the incremental signal generator 13, first phase detector 14, second 
detector 15, phase comparator 16 and pulse signal generator 17 are constructed and 
work similarly to those included in the aforementioned displacement pickup 1, the 
pulse signal generator 17 can produce a pulse signal at every A(l + n)/4, for example, 
and use the pulse signal as an origin signal. 

Also, the interval at which the origin signal is produced can be set arbitrarily 
according to a difference A/n between the pitch with which the diffraction gratings are 
recorded in the first area 70a and that with which the diffraction gratings are recorded 
in the second area 70b. 

In displacement pickup 2 constructed as above, a beam of light emitted from the 
coherent light source 60 is split by the PBS 64 for incidence upon the scale 70 having 
defined vertically thereon the first area 70a where the diffraction gratings are recorded 
with the pitch A and the second area 70b where the diffraction gratings are recorded 
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with the pitch A + A/n (n is an actual number other than zero), so that the split beams 
of light are centrosymmetric with each other. The light beams diffracted at points of 
diffraction disposed in line with each other interfere with each other in the first and 
second optical systems 68 and 69. Each of the first and second phase detectors 14 and 
15 detects a phase difference between the light beams interfering with each other, and 
the phase comparator 16 detects a difference between the phase differences, and the 
pulse signal generator 17 produces a pulse when the difference takes a predetermined 
value. Thus, upon detection of an incremental signal by the incremental signal 
generator 13, the pulse signal generator 17 can produce an accurate origin signal 
without being influenced by any Abbe error. 

Also, in the displacement pickup 2, since the optical path through the P point 
in the first area 70a on the scale 70 is symmetric to the optical path through the Q 
point with respect to the perpendicular line A, and the optical path through the R point 
in the second area 70b is symmetric to the optical path through the S point with respect 
to the perpendicular line A, so a displacement of the scale 70 in the Y direction will 
not cause any travel error and a stable origin signal can always be produced. Also, in 
the displacement pickup 2, since the optical path for incidence upon the P point in the 
first area 70a on the scale 70 and that for incidence upon the Q point are adjusted to 
have an equal length and also the optical path for incidence upon the R point in the 
second area 70b and that for incidence upon the S point are adjusted to have an equal 
length, so a variation of the wavelength of the light source due to an external 
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temperature will not cause any travel error and thus a stable origin signal can be 
produced. 

Further in the displacement pickup 2, since the first and second optical systems 
68 and 69 are of a grating interferometer type, so the diffraction gratings can be 
recorded with smaller pitches in the first and second areas 70a and 70b, respectively, 
defined on the scale 70. For example, when the grating pitch is 0.55 pm, the signal for 
detection of a phase will have a period of 0.1379.... pm (about 138 nm). Thus, it is 
possible to detect a phase difference with a high accuracy which is on the order of 
nanometers, for example. 

Also in the displacement pickup 2, since the coherent light source 60 and PBS 
64 are used in common by the first and second optical systems 68 and 69, so a 
variation of the light emitted from the coherent light source 60 over time or due to a 
change of the external temperature will not influence the symmetry of the light paths 
and thus a stable origin signal can be produced. Further in the displacement pickup 
2, even if the scale 70 is rotated in the azimuth direction, the position of an origin will 
not be drifted by a COS error. 

Also, the coherent light source 60 and lens 61, the second lens 26 and BS 27, 
and the second lens 46 and BS 47, may be connected to each other with optical fibers, 
respectively. 

Alternatively, instead of making a connection between the second lens 26 and 
BS 27 and between the second lens 46 and BS 47 with the optical fibers, respectively, 
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the second PBS 28 and first photoelectric transducer 29, the second PBS 28 and 
second photoelectric transducer 30, the third PBS 32 and third photoelectric transducer 
33, the third PBS 32 and fourth photoelectric transducer 34, the second PBS 48 and 
first photoelectric transducer 49, the second PBS 48 and second photoelectric 
transducer 50, the third PBS 52 and third photoelectric transducer 53, and the third 
PBS 52 and fourth photoelectric transducer 54, may be connected to each other with 
the optical fibers, respectively. 

Note that to condense the output light from the second PBS 28 for supply to the 
optical fiber, a condenser lens may be disposed between the second PBS 28 and first 
photoelectric transducers 29 and between the second PBS 28 and second photoelectric 
transducer 30, respectively; to condense the output light from the third PBS 32 for 
supply to the optical fiber, a condenser lens may be disposed between the third PBS 
32 and third and third photoelectric transducer 33 and between the third PBS 32 and 
fourth photoelectric transducer 34, respectively; to condense the light output from the 
second PBS 48 for supply to the optical fiber, a condenser lens be disposed between 
the second PBS 48 and first photoelectric transducer 49 and between the second PBS 
48 and second photoelectric transducer 50, respectively; and to condense the output 
light from the third PBS 52 for supply to the optical fiber, a condenser lens be 
disposed between the third PBS 52 and third photoelectric transducer 53 and between 
the third PBS 52 and fourth photoelectric transducer 54, respectively. 

In the aforementioned construction of the displacement pickup 2, the scale 70 
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can be disposed apart from any heat source, so that the phase detection can be done 
more stably. Also, the wavelength of beams of light emitted from the coherent light 
source 60 can be fixed to a constant one through a temperature control. Further, with 
the coherent light source 60 being disposed outside the displacement pickup 2, it can 
readily be replaced when it is found faulty. It should be noted that by using the optical 
fiber of a polarization retention type for the above connection, a more table detection 
is assured against any temperature change or bending of the optical fiber. 

Note that in the displacement pickup 2, the difference in optical path length may 
be monitored on the basis of the result of detection of a degree of modulation 
when the interference lights are made to interfere with each other in the first and 
second optical systems 68 and 69. If the result of monitoring shows a difference in the 
optical path length, the optical paths are adjusted to have an equal length. 

FIG. 5 shows the third embodiment of the displacement pickup according to the 
present invention. The displacement pickup is generally indicated with a reference 
number 3. It should be noted that the same or similar elements as or to those in the 
aforementioned displacement pickups 1 and 2 are indicated with the same or similar 
reference numbers as or to those for the elements in the displacement pickups 1 and 
2 and will not be described in detail. 

In the displacement pickup 3, a light source and light branching unit are used 
in common by detection optical systems as in the displacement pickup 2. So, the same 
members as those in the displacement pickup 2 will be indicated with the same 
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reference numbers for them as in the displacement pickup 2 and their function will not 
be described in detail. The displacement pickup 3 includes a light source 60, lens 61, 
beam splitter (BS) 62, first total reflection mirror 63, polarization beam splitter (PBS) 
64, reflector 65, second reflection mirror 66, third total reflection mirror 67, first 
optical system 68, second optical system 69, scale 80, incremental signal generator 13, 
first phase detector 14, second phase detector 15, phase comparator 16, and a pulse 
signal generator 17. 

The scale 80 has defined thereon the first area 80a where diffraction gratings 
are recorded with a pitch A and the second areas 80b where diffraction gratings 
recorded thereon with a pitch A + A/n (where n is an actual number other than zero). 
The first and second areas 80a and 80b are stacked one on the other like stacks. The 
above pitch A is 0.55 pm, for example. In the scale 80, points of incidence (P and Q) 
upon the first area 80a and those ® and S) upon the second area 80b are laid in line 
with the measuring direction. It should be noted that in the displacement pickup 3, the 
line in which the first and second areas 80a and 80b are aligned with each other has 
a width y of several tens to several hundreds pm. 

Also, in the displacement pickup 3, such an adjustment is made that on the 
assumption that the angle of incidence upon the P point is 0 lp , the angle of diffraction 
from the P point is 0 2p , angle of incidence upon the Q point is 0 lq and angle of 
diffraction from the Q point is 0^, 0 lp = 0 lq and 0 2p = 0^. Further, on the assumption 
that the angle of incidence upon the R point is 0 lr , the angle of diffraction from the R 
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point is 0 2r , angle of incidence upon the S point is 0 ls and angle of diffraction from the 
S point is 0^, 0 U = 0 ls and 0 2r = 0 2s . Also, the diffraction order is the same at the P, Q, 
R and S points and the diffraction order used in the displacement pickup 3 is the first 
order. 

Also, since the light beam diffracted at the R point in the second area 80b is also 
diffracted at an R' point in the first area 80a, so the light beam diffracted at the R' point 
comes to the optical paths, possibly causing a noise. On this account, in the 
displacement pickup 3, a pin hole 81 is provided in the optical path from the PBS 64 
to P point, a pin hole 82 is provided in the optical path from the PBS 64 to Q point, a 
pin hole 83 is provided in the optical path from the PBS 64 to R point, and a pin hole 
84 is provided in the optical path from the PBS 64 to S point, thereby preventing the 
diffracted light from incident upon the PBS 64. 

Also, since the coherent light source 60, lens 61, BS 62, first total reflection 
mirror 63, PBS 64, reflector 65, second total reflection mirror 66, third total reflection 
mirror 67, first optical system 68, second optical system 69, incremental signal 
generator 13, first phase detector 14, second detector 15, phase comparator 16 and 
pulse signal generator 17 are constructed and work similarly to those included in the 
aforementioned displacement pickups 1 and 2, the pulse signal generator 17 can 
produce a pulse signal at every A(l + n)/4, for example, and use the pulse signal as an 
origin signal. 

Also, the interval at which the origin signal is produced can be set arbitrarily 
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according to a difference A/n between the pitch with which the diffraction gratings are 
recorded in the first area 80a and that with which the diffraction gratings are recorded 
in the second area 80b. 

In displacement pickup 3 constructed as above, abeam of light emitted from the 
coherent light source 60 is split by the PBS 64 for incidence upon the scale 80 having 
defined vertically in stack thereon the first area 80a where the diffraction gratings are 
recorded with the pitch A and the second area 80b where the diffraction gratings are 
recorded with the pitch A + A/n (n is an actual number other than zero), so that the 
split beams of light are centrosymmetric with each other. The light beams diffracted 
at points of diffraction disposed in line with each other interfere with each other in the 
first and second optical systems 68 and 69. Each of the first and second phase 
detectors 14 and 15 detects a phase difference between the light beams interfering with 
each other, and the phase comparator 16 detects a difference between the phase 
differences, and the pulse signal generator 17 produces a pulse when the difference 
takes a predetermined value. Thus, since the range (length) of the measuring direction 
is limitless, so the scale 80 can be designed long. Also, upon detection of an 
incremental signal by the incremental signal generator 13, the pulse signal generator 
17 can produce an accurate origin signal without being influenced by any Abbe error. 

Also, in the displacement pickup 3, since the optical path through the P point 
in the first area 80a on the scale 80 is symmetric to the optical path through the Q 
point with respect to the perpendicular line A, and the optical path through the R point 
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in the second area 80b is symmetric to the optical path through the S point with respect 
to the perpendicular line A, so a displacement of the scale 80 in the Y direction will 
not cause any travel error and a stable origin signal can always be produced. Also, in 
the displacement pickup 3, since the optical path for incidence upon the P point in the 
first area 80a on the scale 80 and that for incidence upon the Q point are adjusted to 
have an equal length and also the optical path for incidence upon the R point in the 
second area 80b and that for incidence upon the S point are adjusted to have an equal 
length, so a variation of the wavelength of the light source due to an external 
temperature will not cause any travel error and thus a stable origin signal can be 
produced. 

Further in the displacement pickup 3, since the first and second optical systems 
68 and 69 are of a grating interferometer type, so the diffraction gratings can be 
recorded with smaller pitches in the first and second areas 80a and 80b, respectively, 
defined on the scale 80. For example, when the grating pitch is 0.55 pm, the signal for 
detection of a phase will have a period of 0.1379.... pm (about 138 nm). Thus, it is 
possible to detect a phase difference with a high accuracy which is on the order of 
nanometers, for example. 

Also in the displacement pickup 3, since the coherent light source 60 and PBS 
64 are used in common by the first and second optical systems 68 and 69, so a 
variation of the light emitted from the coherent light source 60 over time or due to a 
change of the external temperature will not influence the symmetry of the light paths 
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and thus a stable origin signal can be produced. Further in the displacement pickup 
3, even if the scale 80 is rotated in the azimuth direction, the position of an origin will 
not be drifted by a COS error. 

Also, the coherent light source 60 and lens 61, the second lens 26 and BS 27, 
and the second lens 46 and BS 47, may be connected to each other with optical fibers, 
respectively. 

Alternatively, instead of making a connection between the second lens 26 and 
BS 27 and between the second lens 46 and BS 47 with the optical fibers, respectively, 
the second PBS 28 and first photoelectric transducer 29, the second PBS 28 and 
second photoelectric transducer 30, the third PBS 32 and third photoelectric transducer 
33, the third PBS 32 and fourth photoelectric transducer 34, the second PBS 48 and 
first photoelectric transducer 49, the second PBS 48 and second photoelectric 
transducer 50, the third PBS 52 and third photoelectric transducer 53, and the third 
PBS 52 and fourth photoelectric transducer 54, may be connected to each other with 
the optical fibers, respectively. 

Note that to condense the output light from the second PBS 28 for supply to the 
optical fiber, a condenser lens may be disposed between the second PBS 28 and first 
photoelectric transducers 29 and between the second PBS 28 and second photoelectric 
transducer 30, respectively; to condense the output light from the third PBS 32 for 
supply to the optical fiber, a condenser lens may be disposed between the third PBS 
32 and third and third photoelectric transducer 33 and between the third PBS 32 and 
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fourth photoelectric transducer 34, respectively; to condense the light output from the 
second PBS 48 for supply to the optical fiber, a condenser lens be disposed between 
the second PBS 48 and first photoelectric transducer 49 and between the second PBS 
48 and second photoelectric transducer 50, respectively; and to condense the output 
light from the third PBS 52 for supply to the optical fiber, a condenser lens be 
disposed between the third PBS 52 and third photoelectric transducer 53 and between 
the third PBS 52 and fourth photoelectric transducer 54, respectively. 

In the aforementioned construction of the displacement pickup 3,. the scale 80 
can be disposed apart from any heat source, so that the phase detection can be done 
more stably. Also, the wavelength of beams of light emitted from the coherent light 
source 60 can be fixed to a constant one through a temperature control. Further, with 
the coherent light source 60 disposed outside the displacement pickup 3, it can readily 
be replaced when it is found faulty. It should be noted that by using the optical fiber 
of a polarization retention type for the above connection, a more table detection is 
assured against any temperature change or bending of the optical fiber. 

Note that in the displacement pickup 3, the difference in optical path length may 
be monitored on the basis of the result of detection of a degree of modulation 
when the interference lights are made to interfere with each other in the first and 
second optical systems 68 and 69. If the result of monitoring shows a difference in the 
optical path length, the optical paths are adjusted to have an equal length. 

The displacement pickups 1, 2 and 3 having been described in the foregoing use 

42 



the scales having linear, transparent diffraction gratings recorded thereon, but the 
diffraction gratings may be any of the radial ones as used in a rotary encoder or 
reflective ones, whichever would be more appropriate. 

Also in each of the displacement pickups 1, 2 and 3, the scale is displaceable. 
However, the optical systems may be adapted to be displaceable. 

In the foregoing, the present invention has been described in detail concerning 
certain preferred embodiments thereof as examples with reference to the 
accompanying drawings. However, it should be understood by those ordinarily skilled 
in the art that the present invention is not limited to the embodiments but can be 
modified in various manners, constructed alternatively or embodied in various other 
forms without departing from the scope and spirit thereof as set forth and defined in 
the appended claims. 

As having been described in the foregoing, the displacement pickup according 
to the present invention includes a scale having defined thereon a first area where 
positional information is recorded with a predetermined pitch and a second area where 
position information is recorded with a pitch different from that in the first area. The 
first and second areas are formed to be movable an equal distance in the same 
measuring direction and the scale itself is displaceable. With such a scale, positions 
for reading the positional information from the first and second areas are in line with 
each other. Thus, an accurate origin signal can be produced without being influenced 
by any Abbe error. 
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